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(54) Combustion pressure sensor 

(57) The present invention provides a glow plug with 
combustion pressure sensor (100) having a plug body 
(220) having a screw portion (201a) on the outer periph- 
eral surface that is inserted into a screw hole (1 b) of an 
engine head (1) and screw-connected to it, a combus- 
tion pressure sensor (31 ) fixed to the plug body (220) to 
which the plug body (220) is inserted, and a lead wire 
(500) for leading out the sensor signal connected to the 
sensor (31), wherein the outside diameter of a hexago- 
nal portion (221 ) used for screw connection between the 
plug body (220) and the screw hole (1b) out of the plug 
body (220) is smaller than the inside diameter of a 
through hole (31a) of the combustion pressure sensor 
(31 ) so that the plug body (220) can be inserted into the 
combustion pressure sensor (31) from the hexagonal 
portion (221) end. 



FIG. 1 
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Description 
Background. 

[0001] The present invention relates to a combustion 
pressure sensor, and more particularly, to a combustion 
pressure sensor screwed into a tapped hole formed on 
an engine. 

[0002] In JP-A No. H7-1 39736 a glowplug with a com- 
bustion pressure sensor used as a starting auxilia'V de- 
vice for an engine such as a diesel engine or the iwe is 
described. A general structural schematic cross section- 
al view of a conventional glow plug with combustion 
pressure sensor is shown in FIG. 14A. FIG. 14B shows 
the outer peripheral shape of the top view of the hexag- 
onal portion 201 b of the housing 201 shown in FIG. 1 4A 
for comparison with a combustion pressure sensor 30. 
[0003] A glow plug with combustion pressure sensor 
J1 is provided with a plug body (unique to the glow plug) 
200 that holds a heater 206 (heated when a current is 
supplied in the housing 201) a combustion pressure 
sensor (pressure sensor) 30 fixed to the plug body 200 
for detecting a combustion pressure in an engine based 
on combustion pressure force exerted on the plug body 
200, and a lead wire 500 outputting a signal from the 
combustion pressure sensor 30. 

[0004] One end of the plug body 200 is inserted into 
a tapped hole 1 b formed on an engine head 1 of a diesel 
engine. The plug body 200 is screw-fixed to the engine 
head 1 . For the screw fixing, a fixing screw 201a formed 
on the outer peripheral surface of the housing 201 of the 
plug body 200 is screwed by turning the plug body 200 
round the axis by means of the hexagonal portion 201 b 
formed on the other end of the housinc 201 . 
[0005] The spark plug function of the giow plug J1 will 
be described herein under. A voltage is applied to a mid- 
dle shaft 204 from a power source though a connecting 
bar 2, and earthed to the engine head 1 through a heater 
coil 203, a sheathed tube 202, and the housing 201. 
Thereby, the heater 206 comprising the heater coil 203 
and sheathed tube 202 is heated for auxiliary ignition 
starting of the diesel engine. 

[0006] The combustion pressure sensor 30 is a ring- 
shaped component having a through hole 30a and an 
inside screw portion 311 . The plug body 200 is inserted 
into the through hole 30a, and the combustion sensor 
30 is fixed to the fixing screw 201 a of the plug body 200 
by means of screw fixing. Furthermore, the one end of 
the lead wire 500 is connected electrically to the top end 
surface of the combustion pressure sensor 30 with in- 
terposition of a fixing metal member 333. The other end 
of the lead wire 500 is provided with a connector 400 for 
connecting to an external terminal for leading out the 
sensor signal to the external (ECU or the like of a vehi- 
cle). 

[0007] The combustion pressure is detected as de- 
scribed herein. A combustion pressure generated in a 
combustion chamber 1a is transmitted to the fixing 



screw 201 a through the heater 206 and the housing 201 . 
Because the rousing 201 is pushed up in the axial di- 
rection of the f.crew hole 1b and concomitantly de- 
formed slightly, the load of the combustion pressure 
5 sensor 30 is relaxed. The sensor 30 converts the load 
change to an electrical signal and thus the combustion 
pressure is thereby detected. 

[0008] A sequential work for attaching the glow plug 
with combustion pressure sensor J1 will be described 

10 with reference to FIG. 15 and FIG. 16. The combustion 
pressure sensor 30 is inserted previously along the fix- 
ing screw 201 a of the housing 201 of the plug body 200 
to attach the combustion pressure sensor 30 temporar- 
ily. At that time, because the outside diameter of the hex- 

15 agonal portion 201b of the plug body 200 is larger than 
the inside diameter of the through hole 30a of the com- 
bustion pressure sensor 30 as shown in FIG. 14B, the 
plug body 200 is inserted into the through hole 30a of 
the combustion pressure sensor 30 from the heater 206 

20 side (the insertion side to the screw hole 1 b). 

[0009] The plug body 200 is inserted into the screw 
hole 1 b of the engine head 1 in this state, the hexagonal 
portion 201b is turned round the axis by use of a plug 
wrench 900 (refer to FIG. 15), only the plug body 200 is 

25 fastened to the screw hole 1b for holding and fixing. 
Then, the hexagonal portion 31 2 of a nut of the combus- 
tion pressure sensor 30 is turned round the axis along 
the fixing screw 201a of the housing 201 for fastening 
to hold and fix the bottom surface of the combustion 

30 pressure sensor 30 against the pedestal surface (sur- 
face) le of the engine head 1 . 

[0010] However, as the result of examination of the 
sequential attachment of the conventional glow plug J1 
conducted by the inventors of the present invention, the 

35 problem described herein under was found. The hexag- 
onal portion (nut portion) 201 b of the plug body 200 into 
which a plug wrench 900 is inserted is located as close 
as possible to the lead wire 500 and the fixing metal 
member 333 of the combustion pressure sensor 30. 

40 [001 1 ] The reason why these components are located 
so close as described hereinabove is that addition of the 
vibration noise (for example, the frequency is 5 pHz or 
lower) generated from the plug body 200 itseh to the 
combustion pressure detected by means of the combus- 

45 tion pressure sensor 30 is reduced more as the top end 
surface of the hexagonal portion 201b of the plug body 
200 is located closer to the top end surface of the hex- 
agonal portion 312 of the combustion pressure sensor 
30. Specifically, as the length of the portion not held and 

50 fixed by means of other member and opened out of the 
plug body 200 is shorter. The close location is the im- 
portant factor for securing the performance. 
[0012] Therefore, in fastening the plug body 200, 
when a plug wrench 900 is fit on the hexagonal portion 

55 201b as shown in FIG. 15, the end of the plug wrench 
900 can touch the lead wire 500 and break the lead wire 
500 due to bending or nicking or deformation or breaking 
of the fixing metal member 333. 



2 



BNSDOCID; <EP. 



.1111361A2_I_> 



EP1 111 361 A2 



[0013] Careful and cautious work is required to avoid 
interference between the plug wrench 900 and the lead 
wire 500 of the combustion pressure sensor 30 and en- 
tanglement between the lead wire 500 and the connec- 
tor 400 and the portion around the engine. 
[001 4] As described hereinabove, when the glow plug 
J1 has a conventional combustion pressure sensor, 
there are workability and working efficiency problems 
due to the lead wire 500 connected to the combustion 
pressure sensor 30. Such problems are common not on- 
ly for the glow plug with combustion pressure sensor but 
also for a structure that is screw-fixed to a screw hole 
formed on an engine by turning the one end of the struc- 
ture that has been inserted into the screw hole round 
the axis and a combustion pressure sensor provided 
with a combustion pressure sensor attached to the 
structure (simply referred to as combustion pressure 
sensor hereinafter). 

[O01 5] It is therefore an object of the present invention 
to improve the workability in forming a combustion pres- 
sure sensor without adverse effects on a lead wire con- 
nected to a combustion pressure sensor. 
[0016] To accomplish these and other objects, the in- 
vention described in a first aspect provides a combus- 
tion pressure sensor characterized in that the outer di- 
ameter of the end including the nut portion (221 , 701 b, 
801b) of the structure (220, 700, 800) inserted into the 
screw hole (1b) is smaller than the inside diameter of 
the through hole (31a to 37a) of the combustion pres- 
sure sensor (31 to 37). Therefore, the structure can be 
inserted into the through hole of the combustion pres- 
sure sensor from the other end of the structure. 
[0017] In the present invention, because the structure 
can be inserted from the nut portion side end (the other 
end), the sensor can be attached to the structure after 
the structure has been screw-connected to the screw 
hole of the engine. Therefore, the adverse effect of the 
lead wire connected to the combustion pressure sensor 
is eliminated. Therefore the workability is improved 
when the combustion pressure sensor is formed. 
[0018] In another aspect, the lead wire (305, 500) for 
outputting the signal of the combustion pressure sensor 
(33 to 35, 37) to the external is detachable from the com- 
bustion pressure sensor. Thereby, the lead wire is de- 
tachable from the combustion pressure sensor. Be- 
cause the lead wire is attached to the combustion pres- 
sure sensor after the structure (200, 220, 700, 800) has 
been screw-connected to the screw hole (1 b) of the en- 
gine, workability is improved without adverse effect of 
the lead wire connected to the combustion pressure 
sensor when the combustion pressure sensor is formed. 
I n another aspect, the lead wire (305, 500) is detachable 
from the combustion pressure sensor (33 to 35, 37) by 
means of the screw connection. 

[0019] In another aspect, the combustion pressure 
sensor has a cutout portion (36a, 37a) formed by cutting 
from the outer periphery to the inside on the combustion 
pressure sensor (36, 37. The combustion pressure sen- 
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sor is disposed so that the cutout portion is fitted to the 
structure (200, 220, 700, 800). Thereby, because the 
combustion pressure sensor can be attached after the 
structure has been screw-connected to the engine, the 

5 workability is improved without any adverse effect of the 
lead wire connected to the combustion pressure sensor 
when the combustion pressure sensor is formed. 
[0020] In another aspect, the screw portion (311) is 
formed on the inside surface of the through hole (31a, 

10 33a, 34a) of the combustion pressure sensor (31, 33, 
34) into which the structure (200, 220, 700, 800) is in- 
serted, and the screw portion (201 a, 701 a, 801 a) of the 
structure is screw-connected to the screw portion of the 
though hole to thereby fix the combustion pressure sen- 

15 sor to the structure (the inventions described in the sec- 
ond aspect and a fifth aspect). 

[0021] In another aspect, the combustion pressure 
sensor (32, 35 to 37) can be fixed to the structure by the 
axial force of the separate nut (600), which is a separate 

20 member from the combustion pressure sensor, that is 
screw-connected to the screw portion (201a, 701a, 
801 a) of the structure (200, 220, 700, 800). In this case, 
it is not necessary to form the screw portion on the com- 
bustion pressure sensor, 

25 [0022] In another aspect, the lead wire (305, 500) is 
connected to the combustion pressure sensor (32, 35 
to 37) to be drawn out from the direction different from 
the action direction of the axial force of the separate nut 
(600). Thereby, the interference between the separate 

30 nut and the lead wire is prevented efficiently. 

[0023] Further areas of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion, provided hereinafter. It should be understood that 
the detailed description and specific examples, while in- 

35 dicating preferred embodiments of the invention, are in- 
tended for purposes of illustration only, since various 
changes and modifications within the spirit and scope 
of the invention will become apparent to those skilled in 
the art from this detailed description. In the drawings: 

40 

FIG. 1 A cross sectional view of a glow plug with 
combustion pressure sensor in accordance with a 
first embodiment of the present invention; 
FIG. 2A is a side plan view of a glow plug according 

45 to the present invention; 

FIG. 2B is a top plan view of a hexagonal portion of 
a housing according to the present invention; 
FIG. 3A is a cross sectional view of a combustion 
pressure sensor according to the present invention; 

50 FIG. 3B is a cross sectional view of a combustion 

pressure sensor according to the present invention; 
FIG. 4A is a cross sectional view of an attachment 
of a conventional glow plug with combustion pres- 
sure sensor according to the prior art; 

55 FIG. 4B is a cross sectional view of an attachment 
of a conventional glow plug with combustion pres- 
sure sensor according to the prior art; 
FIG. 5 A cross sectional view illustrating a combus- 
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tion pressure according to the present invention; 
FIG. 6 is a cross sectional view of a glow plug with 
combustion pressure sensor in accordance with the 
second embodiment of the present invention; 
FIG. 7 is an exploded cross sectional view illustrat- 
ing the detail of a combustion pressure sensor ac- 
cording to the present invention; 
FIG. 8 is a cross sectional view illustrating a com- 
bustion pressure sensor according to the present 
invention; 

FIG. 9 is a cross sectional view illustrating a com- 
bustion pressure sensor according to the present 
invention; 

FIG. 1 0A is a top plan view of a combustion pres- 
sure sensor according to the present invention; 
FIG. 1 0B is a side cross sectional view of a com- 
bustion pressure sensor according to the present 
invention; 

FIG. 1 1 A is a top plan view of a combustion pressure 
sensor according to the present invention; 
FIG. 11 B is a side cross sectional view of a com- 
bustion pressure sensor according to the present 
invention; 

FIG. 12 is a plan view of a spark plug used in ac- 
cordance with the present invention; 
FIG. 1 3 is a diagram illustrating an example in which 
the present invention is applied to a bolt used as the 
structure; 

[0024] FIG. 14A is a cross sectional view illustrating 
the general structure of a conventional glow plug with 
combustion pressure sensor according to the prior art; 
[0025] FIG. 1 4B is a top plan view illustrating the gen- 
eral structure of a conventional glow plug with combus- 
tion pressure sensor according to the prior art; 
[0026] FIG. 15 is cross sectional view illustrating the 
attachment for attaching a plug body of a glow plug with 
combustion pressure sensor according to the present 
invention; and 

[0027] FIG. 1 6 is a cross sectional view of the attach- 
ment of a combustion pressure sensor of a glow plug 
according to the prior art. 

[0028] Referring to FIG. 1 , 2A and 2B, glow plug 1 00 
comprises a plug body 220, the combustion pressure 
sensor 31, and a lead wire 500. The plug body 200 of 
the present invention is different from the above-men- 
tioned conventional plug body 200 in that the structure 
of the portion projecting from the engine head 1 , namely 
the other end (hexagonal portion 221 side) of the hous- 
ing 201, is changed. 

[0029] The engine head 1 consists of, for example, 
aluminum alloy or iron, and a screw hole (plug hole, fix- 
ing hole) 1b that penetrates from the outer surface to 
the inside combustion chamber 1a is formed on the en- 
gine head 1 . The one end (lower side in FIG. 1) of the 
plug body (structure) 220 is inserted into the screw hole 
1b and screw-fixed firmly. A housing 201 of the plug 
body 220 is a hollow pipe consisting of metal (low carbon 
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steel or the like). 

[0030] On the outer peripheral surface of the housing 
201 , a fixing screw (referred to as a screw portion of the 
structure in the present invention) 201a served for 

5 screw-connection to the screw hole 1b is formed, and 
on the other end (upper side in FIG. 1) the hexagonal 
portion (referred to as nut portion of the structure in the 
present invention) 221 for providing rotational force 
round the axis for the screw connection is formed. The 

10 plug body 220 is turned round the axis by means of the 
hexagonal portion 221 to thereby be screw-connected 
to the screw portion 1c of the screw hole 1b, and thus 
the plug body 220 is fixed to the screw hole 1 b. 
[0031] In the present embodiment, the combustion 

15 pressure sensor 31 is a ring component having the 
screw portion 311 (refer to FIG. 3 that will be described 
hereinafter) formed on the inside surface of the through 
hole 31a. The plug body (structure) 220 is inserteo into 
the through hole 31 a of the sensor 31 , and the combus- 

20 tion pressure sensor 31 is fixed to the fixing screw 201 a 
of the plug body 220 by means of screw connection. As 
described hereinabove, the combustion pressure sen- 
sor 31 is fixed to the outer peripheral surface of the pro- 
jection at the portion of the plug body 220 that projects 

25 from the surface of the engine head 1 to the axis direc- 
tion as shown in FIG. 1 , and the combustion pressure 
sensor 31 is located in contact with the bearing surface 
(surface) le of the engine head 1 . 
[0032] The outside diameter of the other end including 

30 the hexagonal portion (nut portion) 221 out of the plug 
body (structure) 220 is smaller than the inside diameter 
of the through h ole 3 1 a of the combustion pressure sen- 
sor 31 (screw inside diameter 311a shown in FIG.2B). 
The plug body 220 can be inserted into the through hole 

35 31 a of The combustion pressure sensor 31 from the oth- 
er end. The detail of this structure will be described with 
comparison with the conventional art J1 shown in FIG. 
14. 

[0033] At first, when the fixing screw 201 a of the plug 
40 body 200 is a male screw of M10 and 1 .25 mm pitch in 
the conventional art J1 shown in FIG. 14, the screw por- 
tion 311 on the inside surface of the through hole 30a of 
the combustion pressure sensor 30 is a female screw 
of M1 0 and 1 .25 mm pitch so as to fit to the male screw, 
in this case, the minimum diameter of the screw portion 
31 1 on which the female screw is formed of the sensor 
30, namely the inside diameter of the screw, is, for ex- 
ample, 8.7 mm. 

[0034] When the conventional art J1 , because all the 
so portions ranging from the fixing screw 20 1 a to the heater 
206 side (one end) out of the plug body 200 has a small- 
er outside diameter than the screw inside diameter 31 1 a 
of the combustion pressure sensor 30, the combustion 
pressure sensor 30 can be inserted from the heater 206 
55 side as a matter of course. 

[0035] However, on the other end of the plug body 
200, the standardized hexagonal portion 201b having 
the outside diameter larger than the screw inside diam- 
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eter 311a of the combustion pressure sensor 30 is 
formed on the end of the housing 201 (refer to FIG. 14B). 
For example, in the conventional hexagonal portion 
201b, the width across flats of the hexagonal 201c is 12 
mm, and the distance between facing apex angles 201 d 5 
(distance between apex angles) is 13.8 mm. Therefore, 
in the conventional art, the sensor 30 is not inserted from 
the hexagonal portion 201b side. 
[0036] As described hereinabove, the combustion 
pressure sensor 30 is not inserted from the hexagonal io 
portion 201b end surface side of the plug body 200 in 
the cast of the conventional art J1 . On the other hand, 
the combustion pressure sensor31 can be inserted from 
the hexagonal portion 221 end surface side (other end) 
of the plug body 200 in the present embodiment. is 
[0037] In detail, as shown in FIG. 2, in the present em- 
bodiment, the distance between apex angles 221 b, that 
is the maximum outside size portion of the hexagonal 
portion 221 of the plug body 220, is smaller than the 
screw inside diameter 31 1 a of the combustion pressure 20 
sensor 31 . The outside size of all the portions located 
from the hexagonal portion 221 to the fixing screw 201 a 
of the housing 201 is smaller than the screw inside di- 
ameter 311a of the sensor 31 . Thereby, plug body 220 
is inserted from the other end of the plug body 220 into 25 
the combustion pressure sensor 31 and the combustion 
pressure sensor 31 is fixed easily after the plug body 
220 has been fixed alone to the engine head 1 . 
[0038] For reference, the size of the hexagonal por- 
tion 221 of the plug body 220 of the present embodiment 30 
may be as shown herein. Herein, to sufficiently secure 
the hexagonal width across flats 221 a that is served as 
substantial thread engagement for a plug wrench, the 
hexagonal width across flats 221a is 8 mm commonly 
according to the coming new ISO standard, and the dis- 35 
tance between apex angles 221 b is, for example, small- 
er than $8.7 mm that is smaller than the screw inside 
diameter 311a of 4>8.7 mm, wherein, for example, the 
sharp angle portion of the apex angle is removed. The 
outside diameter size of portions located from the hex- 
agonal portion 221 to the fixing screw portion 201a is 
smaller than <J>8.7 mm entirely. 

[0039] As described hereinabove, the present em- 
bodiment is characteristic in that the outside diameter 
size of the hexagonal portion 221 of the housing 201 
and peripheries is small, and the inside of the housing 
201 having a small diameter is advantageous in struc- 
ture. At first, when the conventional art J1 , as shown in 
FIG. 14, a washer 207 consisting of insulating Bakelite 
material and O-ring 208 consisting of silicone rubber or 
fluorine rubber are inserted to the center shaft 204. The 
washer is served for holding the O-ring 208 and center- 
ing the center shaft 204, and the O-ring is served for 
water-proofing and air-tightening the inside of the hous- 
ing 201. 

[0040] Furthermore, in the conventional art J1 , the 
center shaft 204 is fixed to the housing 201 with the fix- 
ing nut 210 along the terminal screw 204a provided on 
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the center shaft 204 with interposition of an insulating 
bush 209 consisting of insulating resin such as phenol • 
or the like. Herein, the insulating bush 209 is also for 
preventing contact short-circuit between the center 
shaft 204 and the housing 201 . 

[0041] Though the inside of the housing is structured 
as described hereinabove in the conventional art J1 , in 
the present embodiment, the center shaft 224, insulat- 
ing bush 229, and fixing nut 230 having a small diameter 
are used in the inside of the housing 201 having a small 
diameter. The air-tight rubber 228 consisting of molded 
rubber having a taper shape is used to ensure the 
centering of the center shaft 224 and to ensure the wa- 
ter-proofing and air-tightness in the housing 201 . Thus, 
the O-ring 208 and the washer 207 that are used con- 
ventionally are eliminated. 

[0042] The hexagonal portion 221 and relating por- 
tions that are unique for the present embodiment are 
described hereinabove, and other portions of the glow 
plug with combustion pressure sensor 100 will be de- 
scribed further with reference to FIG. 1 . 
[0043] The plug body 220 is provided with the hollow 
pipe shaped sheathed tube 202 held in the housing 201 . 
The sheathed tube 202 consists of heat-resistant and 
corrosion- resistant alloy (for example, stainless steel 
SUS 310 or the like). The one end (under side in FIG. 
1) is closed and the other end (upper side in FIG. 1) is 
open. A heating coil 203 comprising a resistance wire 
consisting of NiCr and CoFe or the like is provided in the 
inside of the one end of the sheathed tube 202, and the 
above-mentioned one end of the center shaft 224 com- 
prising a metal rod is inserted into the inside of the other 
end of the sheath. 

[0044] The one end of the heating coil 203 is connect- 
ed to the one end of the sheathed tube 202, and the 
other end of the heating coil 203 is connected to the one 
end of the center shaft 224. Insulating powder 205 con- 
sisting of heat-resistant magnesium oxide is filled be- 
tween the heating coil 203 and the center shaft 224 and 
the sheathed tube 202. 

[0045] The sheathed tube 202 is drawn by swaging. 
Thereby, the insulating powder 205 filled in the inside is 
compacted, and the sheathed tube 202, the center shaft 
224, and the heating coil 203 are held and fixed firmly 
with the insulating powder 205. 

[0046] In the portion including the heating coil 203 out 
of the sheathed tube 202, the heater 206 comprises the 
sheathed tube 202, the heating coil 203, and the insu- 
lating powder 205. The heater 206 is connected and 
held in the inside of the housing 201 so that the one end 
(one end of the sheathed tube 202) is exposed. The 
heater 206 (the outer peripheral surface of the sheathed 
tube 202) and the housing 201 may be connected to- 
gether by means of pressure engagement fitting or braz- 
ing with silver solder. 

[0047] A connecting bar not shown in the drawing is 
fixed to the terminal screw 204a provided on the other 
end of the center shaft 224 with a terminal nut as in the 
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same manner as shown in FIG . 1 4 for electrical connec- 
tion. The connecting bar is connected to a power source 
not shown in the drawing, and earthed to the engine 
head 1 through iro center shaft 224, heating coil 203, 
sheathed tube 202, and housing 201 . Thereby, the heat- 5 
er206 is heated in the glow plug 100 so as to function 
for ignition start auxiliary action of the diesel engine. 
[0048] The heater 206 may be a ceramic heater pre- 
pared by, for example, a heater consisting of conductive 
ceramic containing silicon nitride and molybdenum sili- 
cate enclosed with insulating ceramic containing silicon 
nitride that is sintered instead of the above-mentioned 
metal heater comprising a metal resistance wire. 
[0049] Next, in the present embodiment, as described 
hereinabove, the ring-shaped combustion pressure 
sensor 31 is attached on the longitudinal middle portion 
of the plug body 220 by a screw connection. Because 
the combustion pressure sensor 31 is different from the 
conventional sensor 30 in that the details are changed, 
the details will be described with reference to FIG. 3. 
FIG. 3 is an enlarged view illustrating the detail of the 
combustion pressure sensor (pressure sensor) 31 
shown in FIG. 1 A is a vertical sectional view and 1B is 
a view from the arrow A shown in 1 A 
[0050] The combustion pressure sensor 31 is provid- 
ed with a nut (sensor fixing portion) 310 for fixing the 
sensor body to the plug body (structure) 220, a piezoe- 
lectric element portion 320 for generating the electric 
signal (charge) in response to the force caused from 
combustion pressure, a lead portion 330 for taking out 
the electric signal from the piezoelectric element portion 
320 and leading to the lead wire 500, a pedestal 340 for 
holding the piezoelectric element portion 320 with the 
nut 31 0 and fixing a part of the lead portion 330, and a 
metal case 350 for dust-proofing and water-proofing. 
[0051] At first, the nut 310 and the lead portion 330 
will be described. The nut 31 0 consisting of metal is pro- 
vided with the above-mentioned screw portion 311 and 
hexagonal portion 31 2 for attaching and fixing the sen- 
sor body with the fixing screw 201 a of the housing 201 
and is fixed to the outer periphery of the housing 201. 
Furthermore, under the hexagonal portion 312, a large 
diameter portion and small diameter portion 314 are 
formed in this order, and a heat-shrinkable insulating 
tube 315 consisting of silicon is fixed tightly on the outer 
peripheral surface of a small diameter portion. 
[0052] The lead portion 330 electrically connects be- 
tween the piezoelectric element portion 320 and the one 
end of the lead wire 500, and is provided with an elec- 
trode 331 , an insulator 332, a fixing metal member 333, 
and one end of the lead wire 500 as structural compo- 
nent. The electrode 331 is a ring metal member, and the 
insulator 332, which is a ring member consisting of in- 
sulating material such as mica or alumina, is interposed 
between the electrode 331 and the nut 31 0 for insulating 
these components 331 and 310. The electrode 331 and 
insulator 332 are fitted on the outer edge of a small di- 
ameter portion 314 of the nut 310 covered with the in- 
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sulating tube 315. 

[0053] Herein, the lead wire 500 is formed by laminat- 
ing a conductive signal leading wire 501 , an insulative 
insulation coating 502, a conductive earth side shield 
wire 503, and an insulative insulation coating 504 from 
the innermost portion to the outside. The signal leading 
wire 501 is insulated from the earth side shield wire 503 
electrically. As shown in FIG. 3, the lead wire 500 is 
structured so that the signal leading wire 501 , the insu- 
lation coating 502, and the earth side shield wire 503 
arranged in the order from the top end are exposed par- 
tially on the one end. 

[0054] Around the one end of the lead wire 500, the 
signal leading wire 501 is welded and connected to the 
electrode 331 in the hole 331 a formed on the electrode 
331 through the hole 316 formed on the nut 310 and 
cutout portion 332a formed on the Insulator 332. The 
other end of the lead wire 500 is connected to the con- 
nector 400 to be connected electrically to the external 
circuit (ECU or the like of an vehicle). 
[0055] The fixing metal member 333 that is a hollow 
pipe for fixing the lead wire 500 to the nut 31 0 is provided 
on the outer periphery of one end of the lead wire 500. 
The upper side portion of the above-mentioned hole 316 
formed on the nut 310 is for the fixing metal member 
holding hole 316a for holding the fixing metal member 
333. A part of the fixing metal member 333 is inserted 
and fixed to the holding hole 316. 
[0056] The fixing metal member 333 is caulked fixedly 
to the lead wire 500, and the earth side shield wire 503 
is connected electrically to the fixing metal member 333. 
The outer peripheral portion of the fixed metal member 
333 that projects from the fixing metal member holding 
hole 316a is covered with heat-shrinkable insulation 
cover 333a consisting of silicon. 

[0057] Next, the piezoelectric element portion 320 
having a ring hollow portion having a diameter corre- 
sponding to a small diameter portion 31 4 of the nut 31 0 
is disposed along the outer peripheral surface of a small 
diameter portion with interposition of the above-men- 
tioned insulation tube 315 like the above-mentioned 
electrode 331 . In the example shown in the drawing, the 
piezoelectric element portion 320 is a laminate structure 
comprising three piezoelectric ceramics (piezoelectric 
elements) 321, a signal leading side washer ring 322, 
and an earth side washer ring 323. 
[0058] Each piezoelectric ceramic 321 is a disk ring 
having the same size consisting of lead titanate, lead 
titanate zirconate, or the like. These three piezoelectric 
ceramics 321 are electrically connected in parallel. The 
output sensitivity of these three piezoelectric ceramics 
321 is totaled, and the sensitivity is improved significant- 
ly. 

[0059] Next, the pedestal 340 is a metal ring, on which 
a lock washer 341 is formed at the end surface side that 
contacts engine head 1 . The lock washer 341 corre- 
sponds to the oval-shaped detent 31 7 formed on the end 
of a small diameter portion 31 4 of the nut 31 0, and the 
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lock washer 341 is oval-shaped so as to be fitted to the 
detent 31 7 easily. Thereby, the deviation round the axis 
of the plug between the nut 31 0 and the pedestal 340 is 
prevented. 

[0060] Furthermore, on the outer periphery of the ped- 
estal 340, a cylindrical metal case 350 consisting of met- 
al such as SUS 304 is disposed, and the metal case 350 
encloses the whole periphery of the combustion pres- 
sure sensor 31 . The metal case 350 is formed by draw- 
ing a thin metal plate having a thickness of 0.5 mm or 
thinner into a cylinder-shape, and it is joined along the 
entire periphery of the pedestal 340 by means of laser 
welding or brazing with solder such as copper solder. 
[0061 ] When the pedestal 340 combines to the metal 
case 350, the lock washer 341 is faced accurately to the 
detent 31 7 of the nut 310. Furthermore, the inner diam- 
eter portion 342 of the pedestal 340 is closely in contact 
with the O-ring 343 consisting of silicone rubber or flu- 
orine rubber that is engaged with the cut groove formed 
around the center of a small diameter portion 31 4 of the 
nut 310. Furthermore, the metal case 350 is engaged 
with the large diameter portion 31 3 of the nut 31 0 in con- 
tact with the inside surface of the large diameter portion 
313, and the inscribed portion 351 between the nut 310 
and the large diameter portion 313 is entirely joined 
along the periphery by means of YAG laser welding. 
[0062] As described hereinabove, the pedestal 340 is 
pressed on the surface of the engine head 1 by means 
of axial force (screwing force) of the nut 310. Further- 
more, the piezoelectric element portion 320, the elec- 
trode 331 , and the insulator 332 are fixedly held and in- 
terposed between the nut 310 and the pedestal 340 by 
means of the axial force of the nut 310. 
[0063] The above-mentioned combustion pressure 
sensor 31 is fabricated as described herein under. The 
signal leading wire 501 is welded to the hole 331 a of the 
electrode 331 at one end of the lead wire 500. Further- 
more, the fixing metal member 333 is engaged with the 
fixing metal member holding hole 316a of the nut 310 
and connected to it by means of welding or brazing with 
copper solder or the like. The insulator 332 is attached 
to a small diameter portion 314 of the nut 31 0. 
[0064] The other end of the lead wire 500 is inserted 
into the hole 31 6 of the nut 31 0, to which the fixing metal 
member 333 and the insulator 332 have been attached, 
from the insulator 332 side. The electrode 331 to which 
the one end of the lead wire 500 is connected is engaged 
with a small diameter portion 314 of the nut 310. 
[0065] The electrode 331 is disposed on the prede- 
termined position and the fixing metal member 333 and 
the earth side shield wire 503 are caulked and fixed si- 
multaneously. Thereafter, a portion of the lead wire 500 
and the fixing metal member 333 are covered with the 
insulating cover 333a for dust-proofing and water-proof- 
ing. Thereby, the earth side shield wire 503 is connected 
to the fixing metal member 333 also electrically. 
[0066] Next, the piezoelectric element portion 320 
comprising the piezoelectric ceramics 321 and both 
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washer rings 322 and 323 is inserted into a small diam- 
eter portion 314 of the nut 310. The pedestal 340 that 
has been combined with the metal case 350 by brazing 
or the like is inserted into a small diameter portion 314 

5 of the nut 3 1 0. The detent 31 7 is coincides with the lock 
washer 341. The metal case 350 and large diameter 
portion 313 are joined by laser welding, maintaining the 
pedestal 340 and the nut 31 0 in close contact. Thus, the 
combustion pressure sensor 31 is completed. 

10 [0067] Next, the combustion pressure sensor 31 is at- 
tached to the plug body 220. Herein, in the present em- 
bodiment, because the outside diameter of the other 
end including the hexagonal portion 221 out of the plug 
body 220 is smaller than the screw inside diameter 31 1 a 

15 of the combustion pressure sensor 31 as described 
hereinabove, the plug body 220 can be inserted into the 
through hole 31 a of the combustion pressure sensor 31 
from the other end. 

[0068] At first, the one end (heater 206 side) of the 
20 plug body 220 is inserted into the screw hole 1b. The 
hexagonal portion 221 of the housing 201 is turned 
round the axis by use of a plug wrench as shown in FIG. 
15. In the present embodiment, an air impact wrench 
may be used as the plug wrench 900. The fixing screw 
25 201a of the plug body 220 is screw-connected to the 
screw portion 1 c of the screw hole 1 b, and the plug body 
220 is attached fixedly to the engine head 1 . 
[0069] Next, the combustion pressure sensor 31 is fit- 
ted to the plug body 220 from the other end (hexagonal 
30 portion 221 side), the nut 310 of the combustion pres- 
sure sensor 31 is tightened along the fixing screw 201 a 
of the plug body 220 in the same manner as shown in 
FIG. 16. Thereby, the combustion pressure sensor 31 
is pressed fixedly to the bearing surface le of the engine 
35 head 1. As described hereinabove, the combustion 
pressure sensor shown in FIG. 1 is completed. 
[0070] Next, the operation of the present embodiment 
will be described based on the above-mentioned struc- 
ture. When the diesel engine is started, a voltage is ap- 
40 plied to the plug body 220 from a power source not 
shown in the drawing through the above-mentioned 
connection bar. The voltage is earthed to the engine 
head 1 through the center shaft 224, heating coil 203, 
sheathed tube 202, and housing 201 . Thereby, the heat- 
hs er 206 is heated to thereby function for auxiliary ignition 
starting of the diesel engine. 

[0071 ] After starting the engine, the combustion pres- 
sure generated in the engine is transmitted to the fixing 
screw 201a through the heater 206 and housing 201 . 

50 Subsequently, the combustion pressure transmitted to 
the fixing screw 201a relaxes the tightening torque that 
is exerted for tightening it to the engine head 1 in the 
glow plug 100. Concomitantly, the load (load in the plug 
axis direction) loaded on the piezoelectric ceramics 321 

55 through the screw portion 31 1 of the nut 31 0 in the com- 
bustion pressure sensor 31 is relaxed (in other words, 
the load loaded on the piezoelectric ceramics 321 is 
changed). 
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[0072] Therefore, the generated charge of the electric 
signal generated based on the piezoelectric character- 
istic of the piezoelectric ceramics 321 is changed. Then, 
the electric signal (charge) is sent to the external circuit 
from the electrode 331 and the lead wire 500 through s 
the connector 400, converted to a voltage, and transmit- 
ted and applied for combustion control as, for example, 
combustion pressure waveform signal after amplifica- 
tion and filter processing. The above is the whole com- 
bustion pressure detection mechanism in the above- 10 
mentioned glow plug 100. 

[0073] Also, according to the present embodiment, 
because the combustion pressure sensor 31 can be in- 
serted from the end on the hexagonal portion (nut por- 
tion) 221 side of the plug body 220, the combustion pres- *5 
sure sensor 31 can be attached to the plug body 220 
after the plug body (structure) 220 has been screw-con- 
nected to the screw hole 1b of the engine. Therefore, 
when the glow plug 100 is attached to the engine head 
(in other words, when a combustion pressure sensor is 20 
formed), the lead wire 500 connected to the combustion 
pressure sensor 31 does not hamper the fabrication 
work, and the workability is improved. 
[0074] Because there are no combustion pressure 
sensor 31, no lead wire 500, and no fixing metal member 25 
333, no contact (interference) between these compo- 
nents and a plug wrench 900 occurs during tightening 
work of the plug body 220. Therefore, these compo- 
nents are prevented from being broken, deformed, or 
damaged due to contact with the plug wrench. Further- 30 
more, in the conventional art, when a plug wrench 900 
is dropped on a combustion pressure sensor, the piezo- 
electric element in the combustion pressure sensor can 
be damaged and fail. The present invention will not 
cause such problem. 35 
[0075] According to the present invention, an air im- 
pact wrench, which is excellent in workability in attach- 
ing work used generally for glow plug alone, may be 
used without any problem as with the plug wrench 900. 
As described hereinabove, according to the combustion 40 
pressure sensor of the present invention, the attaching 
workability and the quality of the combustion pressure 
sensor 31 are secured, and the work efficiency is im- 
proved. 

[0076] Furthermore, according to the present embod- 45 
iment, the problem of erroneous attachment of a con- 
ventional glow plug with combustion pressure sensor J1 
as subsequently shown in FIG. 4 is solved. FIG. 4A is a 
cross sectional view of the glow plug J1 shown in FIG. 
14, and 4B is a cross sectional view illustrating errone- so 
ous attachment of the glow plug J1 . 
[0077] It is assumed that the length L2 ranging from 
the housing bottom end surface 201 e to the bottom end 
surface of the combustion pressure sensor 30 is equal 
to or shorter than the depth L1 (plug hole depth, refer to 55 
FIG. 4B) of the screw hole 1b ranging from the taper 
bearing surface portion 1d to the bearing surface le of 
the engine head 1 , for example, as shown in FIG. 4A, 
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in the state that the combustion pressure sensor 30 is 
temporarily attached to the fixing screw 201 a of the plug- 
body 200. If the plug body 200 is tightened further in this 
state, then the bottom end surface of the combustion 
pressure sensor 30 is brought into contact with the bear- 
ing surface le of the engine head 1 before the housing 
taper portion 212 is brought into contact with the taper 
bearing surface portion 1 d, and the space S remains as 
shown in FIG. 4B. 

[0078] At that time, though the plug body 200 is tight- 
ened alone, the plug body 200 pulls the combustion 
pressure sensor 30 toward the combustion chamber 1a 
in the same axial direction. As the result, the plug body 
200 continues to closely press the combustion pressure 
sensor 30 onto the bearing surface le of the engine head 
1 until the magnitude of the force reaches to the stand- 
ardized recommended tightening torque. 
[0079] Therefore, in spite of the screw torque that is 
not the axial load according to the standard exes ad to 
closely press the housing taper portion 212 onco me ta- 
per bearing surface portion 1d, the screw torque reach- 
es the recommended tightening torque relatively in 
pressing between the combustion pressure sensor 30 
and the bearing surface le of the engine head 1 . 
[0080] As a result, the combustion gas, namely com- 
bustion pressure, leaks from the gap S shown in FIG. 
4B, the performance of the combustion pressure sensor 
30 is deteriorated due to thermal effect, the engine out- 
put is decreased, the engine vibrates due to combustion 
fluctuation, and acceleration becomes poor. These mal- 
functions give make a driverfeel unpleasant. On the oth- 
er hand, according to the present invention, because the 
combustion pressure sensor 31 can be attached to the 
plug body 220 after the plug body (structure) 220 is 
screw-connected to the screw hole 1b of the engine, 
such erroneous attachment problem as described here- 
inabove is prevented. 

[0081] Furthermore, according to the present inven- 
tion, the distance ranging from the top end surface of 
the nut 31 0 of the combustion pressure sensor 31 to the 
top end surface of the hexagonal portion 221 of the plug 
body 220 is shortened from, for example, the conven- 
tional distance of about 60 mm to, for example, 30 mm, 
as the result the detection of the combustion pressure 
becomes more accurate. 

[0082] The reason for better detection is that the 
shortened length together with the reduced weight of the 
plug body 220 to half weight due to thinning of the plug 
body 220 brings about reduction of mechanical vibra- 
tional noise generated from the plug body 200 itself. The 
frequency of the mechanical noise can be increased to, 
for example, a high frequency not included in the com- 
bustion frequency of several Hz to 5 kHz necessary for 
the combustion pressure sensor 31 to perform combus- 
tion control. 

[0083] The first embodiment is described herein- 
above, and a modified example of the present embodi- 
ment is shown in FIG. 5, that is a schematic cross sec- 



BNSDOCID: <EP. 



.1111361A2J_> 



15 



EP 1 111 361 A2 



16 



tional view. In the modified example, the female screw 
is not formed on the through hole 32a of the ring-shaped 
combustion pressure sensor 32 as shown in FIG. 5. A 
separate nut 600 having screw alone function is com- 
bined, and the same effect as obtained in the above- 
mentioned example is obtained. Because the structure 
of the combustion pressu re sensor 32 (pressure sensor) 
used in the present modified example is somewhat dif- 
ferent from that of the above-mentioned combustion 
pressure sensor 31 , the detailed structure of the com- 
bustion pressure sensor 32 will be described with refer- 
ence to FIG. 5. 

[0084] In the sensor 32. two ring-shaped polar piezo- 
electric ceramics 302 consisting of lead titanate or lead 
titanate zirconate are disposed one on the other round 
the ring-shaped electrode 301 and connected in parallel 
electrically. These components constitute a piezoelec- 
tric element portion. The electrode 301 and the piezoe- 
lectric ceramics 302 are interposed and packed be- 
tween an approximately ring-shaped metal case 303 
and an approximately ring-shaped pedestal 304 protec- 
tively. 

[0085] A protection tube 303b acting as a through hole 
is formed with the large diameter portion 303a of the 
metal case 303 by means of welding or brazing. A 
shielded wire (referred to as the lead wire in the present 
invention) for taking out the sensor signal to the external 
is inserted into the tube 303b, and held therein. The core 
wire 305a of the shielded wire inserted into the metal 
case 303 is welded to the electrode 301 for connection. 
The shielding wire 305b insulated from the core wire is 
caulked with the protection tube 303b to thereby be con- 
nected to the metal case 303 that is served also as the 
body earth. 

[0086] The combustion pressure sensor 32 is fabri- 
cated as described herein under. At first, a heat-shrink- 
able insulation tube 306 consisting of silicon is heated 
and fit on the circumferential side surface of a small di- 
ameter portion 303c of the metal case 303. The piezo- 
electric ceramic 302, the electrode 301 , and the piezo- 
electric ceramic 302 are put on a small diameter portion 
303c of the metal case in that order. The insulation tube 
306 prevents electrical short-circuit between the piezo- 
electric ceramics 302, the electrode 301 , and the metal 
case 303. 

[0087] Herein, the electrode 301 to which the core 
wire 305a of the shielded wire has been welded is put 
on the metal case 303. The electrode 301 is put on a 
small diameter portion 303c of the metal case 303 feed- 
ing the end of the shielded wire 305 opposite to the con- 
nection end from the protection tube 303b to the outside 
of the case 303. 

[0088] Subsequently, the pedestal 304 to which the 
O-ring 309 has been put on is inserted into the metal 
case 303. The contact side surfaces of the outermost 
periphery are joined together by means of YAG laser 
welding with pressing the metal case 303 and the ped- 
estal 304 vertically (welding portion is shown with Y1 in 



FIG. 5). Thereby, all the components are combined to- 
gether closely and tightly in the combustion pressure 
sensor 32. 

[0089] Because the shielded wire 305 and the protec- 
5 tion tube 303b are caulked, the electrical connection be- 
tween the shielded wire 305b and the metal case 303, 
the firm holding of the wire 305, and the close contact 
between the wire 305 and the tube 303b are secured. 
Thereby, the metal case 303, the pedestal 304, and the 
10 shielded wire 305b are maintained at the same poten- 
tial. Thus, the combustion pressure sensor 32 of the 
modified example is completed as described herein- 
above. 

[0090] The combustion pressure sensor 32 is fit to the 
15 plug body 220 that has been attached to the screw hole 
1 b from the other end (hexagonal portion 221 side) and 
a separate nut 600 is also fit. The separate nut 600 is 
tightened along the fixing screw 201 a of the housing 201 
to thereby fixedly support the combustion pressure sen- 
20 sor on the surface of the engine head 1 . As described 
hereinabove, attachment of the glow plug with combus- 
tion pressure sensor 100 having the combustion pres- 
sure sensor 32 of the present modified example is com- 
pleted. 

25 [0091 ] As described hereinabove, in the present mod- 
ified example, the combustion pressure sensor 32 is 
fixed to the plug body 220 by means of the axial force 
of the separate nut 600 that has been screw-connected 
to the fixing screw 201a of the plug body 220. J n this 

30 case, in addition to the above-mentioned effect, it is not 
necessary to form the screw portion on the inside sur- 
face of the through hole 32a of the combustion pressure 
sensor 32. 

[0092] The shielded wire (lead wire) 305 is drawn in 
35 a direction different from the action direction of the axial 
force of the separate nut 600 with respect to the com- 
bustion pressure sensor 32, namely in the direction of 
circumferential side surface of the combustion pressure 
sensor 32. Thereby, the interference between the sep- 
40 arate nut 600 and the lead wire 305 is prevented effi- 
ciently. 

(Second Embodiment) 

45 [0093] The second embodiment is a glow plug with 
combustion pressure sensor served as a combustion 
pressure sensor having a lead wire that is detachable 
from the combustion pressure sensor. FIG. 6 is a partial 
vertical cross sectional view illustrating the whole struc- 

50 ture of a glow plug with combustion pressure sensor 1 1 0 
in accordance with the present embodiment that is at- 
tached to an engine head 1 of a diesel engine. In the 
glow plug 110, the conventional plug body 200 shown 
in FIG. 14 is used and the combustion pressure sensor 

55 33 is changed. 

[0094] In some cases, it is difficult to miniaturize the 
hexagonal portion 201b of the plug body 200 inevitably 
due to strength in consideration of the using environ- 
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ment condition. In such case, the combustion pressure 
sensor is attached temporarily to the plug body 200 first 
and then attached to the engine head 1 as in the con- 
ventional case. The present embodiment can realize the 
object of the present invention even in such case, 
[0095] A detailed cross sectional view of the combus- 
tion pressure sensor (pressure sensor) 33 of the present 
embodiment is shown in FIG. 7. The combustion pres- 
sure sensor 33 is different from the combustion pressure 
sensor 31 shown in FIG. 3 in that the structure of the 
lead portion electrically connects the piezoelectric ele- 
ment portion 320 to the one end of the lead wire 500 is 
different. The different point will be mainly described 
herein under, and the same components shown in FIG. 
7 are given the same characters shown in FIG. 3 and 
the description is omitted. 

[0096] As shown in FIG. 7, the lead portion of the com- 
bustion pressure sensor 33 comprises a sensor body 
side lead portion 360 that is served as piezoelectric el- 
ement portion side and a metal connector 380 that is 
served as lead wire side lead portion so that the lead 
wire 500 is detachable from the combustion pressure 
sensor 33. 

[0097] At first, the sensor body side lead portion 360 
will be described. A metal signal leading pin 364 insula- 
tion-covered with a two-step cylindrical insulation pipe 
consisting of fluororesin or the like is inserted into holes 
361 and 362 formed on a hexagonal portion 31 2 of a nut 
310. The one end portion of the pin 364 is exposed from 
the insulation pipe 363, and it is needle-shaped to be 
inserted into a cylindrical pressure attachment terminal 
381 of the metal connector 380. 
[0098] A connector attachment screw 365 (female 
screw) that is screw-f ixable to a male screw 382 formed 
on the metal connector 380 is formed around the one 
end portion of the exposed pin 364. The rear end portion 
of the signal leading pin 364 is inserted into the hole 
331a formed on the electrode 331 through a cut 332a 
formed on the insulator 332, and welded to the electrode 
331 for connection . 

[0099] As described hereinabove, the signal leading 
pin 364 is interposed between the nut 310 and a ped- 
estal 340 with interposition of the insulation pipe 363, 
insulator 332, piezoelectric ceramics 321 , signal leading 
side washer ring 322, and earth side washer ring 323. 
As described hereinabove, the insulation pipe 363, sig- 
nal leading pin 364, and connector attachment screw 
365 constitute the sensor body side lead portion 360. 
[0100] On the other hand, the metal connector 380 
basically comprises a lead wire 500 having a signal 
leading wire 501 , an insulation cover 502, an earth side 
shield wire 503, and an insulation cover 504, a fixing 
metal member 384 having the above-mentioned male 
screw 382 and hexagonal portion 383, and the above- 
mentioned cylindrical pressure attachment terminal 381 
disposed in the fixing metal member 384. Herein, the 
cylindrical pressure attachment terminal 381 is insulat- 
ed from the fixing metal member 384 by means of the 



insulation pipe 385 consisting of fluororesin or the like 
and pressure-attached to the signal leading wire 501 for 
connection. 

[0101] Furthermore, the lead wire 500 is fixedly held 

5 on the cylindrical portion of the fixing metal member 384 
by caulking the insulation cover 504 that is a portion of 
the lead wire 500 and the earth side shield wire 503 si- 
multaneously on the cylindrical portion of the fixing met- 
al member 384. The earth side shield wire 503 is con- 

10 nected electrically to the fixing metal member 384 as the 
result of caulking pressure attachment, and the insula- 
tion ring 386, cylindrical pressure attachment terminal 
381 , and the insulation pipe 385 contained in the inside 
are fixed to the fixing metal member 384, and thus the 

15 metal connector comprising the lead wire 500 and the 
fixing metal member 384 is formed. 
[0102] In the case of the lead portion of the sensor 33 
comprising the above-mentioned sensor body side lead 
portion 360 and metal connector 380, the signal leading 

20 pjn 364 is inserted into the cylindrical pressure attach- 
ment terminal 381 with screwing the connector attach- 
ment screw 365 and the male screw 382. Thereby, both 
components are connected electrically and fixedly held. 
The lead portion of the sensor 33 is formed so as to be 

25 screw-connected, the lead wire 500 is detachable from 
the combustion pressure sensor 33 as described here- 
inabove. 

[01 03] Therefore, components of the present embod- 
iment are attached according to the following sequential 

30 work. The one end (heater 206 side) of the plug body 
200 is inserted temporarily into the through hole 33a of 
the combustion pressure sensor 33 that is not attached 
to the lead wire 500. The plug body 200 is fixed to the 
engine head 1 and the combustion pressure sensor 33 

35 js subsequently fixed to the bearing surface le of she en- 
gine head 1 . Also, the metal connector 380 of the lead 
wire 500 is connected to the connector attachment 
screw 365 of the combustion pressure sensor 33 sepa- 
rately. 

40 [0104] According to the present embodiment, be- 
cause the lead wire 500 is detachable from the combus- 
tion pressure sensor 33, the lead wire 500 can be at- 
tached to the combustion pressure sensor 33 after the 
plug body (structure) 200 is screw-connected to the 

45 screw hole 1b of the engine as described hereinabove. 
Therefore, the workability is improved without adverse 
effect of the lead wire connected to the combustion pres- 
sure sensor when the combustion pressure sensor is 
formed. 

so [0105] Furthermore, because the lead wire 500 and 
connector 400 are not attached when the combusUon 
pressure sensor 33 itself is attached, entanglement of 
the lead wire 500 and connector 400 (refer to FIG. 16) 
contained in the conventional socket wrench 910 with 

55 the plug body 200 is prevented, and breaking of the lead 
wire 500 is prevented. As the result, an air impact 
wrench can be used for attaching the sensor 33 as in 
the case of the plug body 200, and the workability and 
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efficiency for attachment are improved. 
[0106] Modified examples of the second embodiment 
are shown in FIG. 8 and FIG. 9. Where a combustion 
pressure sensor 34 shown in FIG. 8, a sensor body side 
lead portion 360 connected electrically to a ring-shaped 
piezoelectric element portion 320 comprising two piezo- 
electric ceramics 321 and an electrode 331 interposed 
between the two piezoelectric ceramics 321 is disposed 
in the circumferential side surface direction. Also, a met- 
al connector 380 is attached perpendicularly to the axis 
of the plug body 200. The combustion pressure sensor 
34 is also screw-connected to the fixing screw 201a of 
the plug body 200. 

[0107] A combustion pressure sensor 35 shown in 
FIG. 9 is the combustion pressure sensor 32 shown in 
FIG. 5 to which the present embodiment is applied. Also, 
in the present embodiment, a female screw portion is 
not formed on the sensor 35, and a separate nut 600 
having the screw function is combined. Thereby, the 
combustion pressure sensor 35 is fixed to the plug body 
200 by the axial force of the separate nut 600 that is 
screw-connected to the fixing screw 201 a. As the result, 
it is not necessary to form a screw portion on the through 
hole 35a of the combustion pressure sensor 35. 
[01 08] The detachable structure is realized by means 
of screw connection of the lead wire 500 to the combus- 
tion pressure sensors 33 to 35 in the second embodi- 
ment. But, the detachable structure between both com- 
ponents is not limited to the screw connection, and any 
method may be employed. For example, a projection is 
formed on one side and a recess or a hook correspond- 
ing to the projection is formed on the other side, and 
both members are hooked together. 

(Third Embodiment) 

[0109] The third embodiment provides a glow plug 
with combustion pressure sensor that is served as the 
combustion pressure sensor, in which a cutout portion 
that is formed from the periphery to the inside is formed 
on a combustion pressure sensor and the combustion 
pressure sensor is disposed so that the cutout portion 
is engaged with the structure. 

[01 10] In detail, in the glow plug with combustion pres- 
sure sensor of the present embodiment, the convention- 
al plug body 200 shown in FIG. 1 4 is used and the com- 
bustion pressure sensors 36 and 37 are changed. The 
glow plug with combustion pressure sensor of the 
present embodiment is preferably used when it is diffi- 
cult to miniaturize the hexagonal portion 201 b of the plug 
body 200 as when the above-mentioned second em- 
bodiment. 

[0111] FIG. 1 0A is atop view (plan view) of the com- 
bustion pressure sensor 36 in accordance with the 
present embodiment, and 1 0B is a cross sectional view 
along the line 10B-10B of 10A. This combustion pres- 
sure sensor 36 is shaped different from the approxi- 
mately ring-shaped combustion pressure sensor 32 



20 

shown in FIG. 5. The same components shown in FIG. 
10 are given the same characters shown in FIG. 5, and 
the detailed description is omitted. 
[0112] The combustion pressure sensor 36 of the 

5 present embodiment has a cutout portion 36a that is 
formed by cutting in the form of U-shape from the cir- 
cumferential side surface to the inside. Therefore, this 
sensor 36, the electrode 301 , piezoelectric ceramics 
302, metal case 303, and pedestal 304, which are all 

10 ring-shaped in FIG. 5, are cut correspondingly to the cut 
shape. The curve portion of U-shape of the cutout por- 
tion 36a is shaped so that the inside peripheral surface 
of the cutout portion 36a is in contact with the outer pe- 
ripheral surface of the fixing screw 201 a of the plug body 

15 200. 

[0113] The plug body 200 to which the separate nut 
600 has been fitted previously is attached to the screw 
hole 1 b, the combustion pressure sensor 36 is fitted to 
the plug body 200 from the open side of the cutout por- 

20 tion 36a in the perpendicular direction to the axis of the 
plug body 200, the separate nut 600 is tightened along 
the fixing screw 201 a of the plug body 200. Thereby, the 
combustion pressure sensor 36 is supportingly fixed to 
the bearing surface le of the engine head 1 . As de- 

25 scribed hereinabove, attachment of the glow plug with 
combustion pressure sensor having the combustion 
pressure sensor 36 to the engine head 1 is completed. 
[0114] As described hereinabove, though it is.neces- 
sary to attach the separate nut 600 to the plug body 200 

30 previously in the present embodiment, the combustion 
pressure sensor 36 can be attached afterthe plug body 
200 is screw-connected to the engine head 1 . There- 
fore, the workability is improved without adverse effect 
of the shielded wire (lead wire) 305 connected to the 

35 combustion pressure sensor 36 when the combustion 
pressure sensor is formed. Furthermore, because the 
wire 305 is drawn from the circumferential side surface 
direction of the sensor 36, interference between the sep- 
arate nut 600 and the wire 305 is prevented effectively. 

40 [0115] The combustion pressure sensor 37 shown in 
FIG. 1 1 as the modified example of the present embod- 
iment is the combustion pressure sensor 35 shown in 
FIG. 9 to which the present embodiment is applied. FIG. 
1 1 A is a top view (plan view) of the combustion pressure 

45 sensor (pressure sensor) 37, and 11 B is a cross sec- 
tional view along the line 1 1 B - 11 B of 1 1 A. 
[0116] In the present example, the plug body 200 to 
which the separate nut 600 has been fitted previously is 
fixed to the engine head 1 , the combustion pressure 

so sensor 37 is fitted and tightened to the plug body 200 
from the open side of the cutout portion 37a, and the 
lead wire 500 is connected to the sensor 37 with inter- 
position of the metal connector 380. 
[0117] The shape of the cutout portions 36a and 37a 

55 of the combustion pressure sensors 36 and 37 used in 
the third embodiment is by no means limited to a spec- 
ified shape, but any shape may be applied as long as 
the cutout portion can be fitted to the plug body 200 from 
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the open side of the cutout portion in the perpendicular 
direction to the axis of the plug body 200. 
[01 1 B] Furthermore, though the combustion pressure 
sensors 36 and 37 of the present invention are fixed to 
the plug body 200 by tightening the separate nut 600, 
however, fixing is not limited to the tightening of the sep- 
arate nut 600, and any method may be used. For exam- 
ple, the combustion pressure sensors 36 and 37 may 
be fixed to the engine head 1 with interposition of a sep- 
arate flange member. 

(Other Embodiment) 

[0119] The structure described in the above-men- 
tioned first embodiment, namely the structure in which 
the outside diameter of the other end including the hex- 
agonal portion 201b out of the plug body 220 is made 
smaller than the inside diameter of the through hole of 
the combustion pressure sensor so that the plug body 
220 can be inserted into the combustion pressure sen- 
sor from the other end, can be applied to the structure 
of the above-mentioned second embodiment and third 
embodiment (combustion pressure sensors 33 to 37). 
When the first embodiment is combined with the third 
embodiment, the cutout portions 36a and 37a are cor- 
responding to the through hole of the combustion pres- 
sure sensor. 

[0120] The glow plug with combustion pressure sen- 
sor is described as the combustion pressure sensor in 
the above-mentioned embodiment. But, the present in- 
vention may be applied to not only the glow plug with 
combustion pressure sensor but also a combustion 
pressure sensor that is screw-connected by turning the 
structure having the one end that has been inserted into 
a screw hole formed on an engine (for example, bolt, 
spark plug, or injector), and a combustion pressure sen- 
sor attached to the engine for detecting the combustion 
pressure of the engine. An example in which the present 
invention is applied to a spark plug 700 is shown in FIG. 
12, and an example in which the present invention is 
applied to a bolt 800 is shown in FIG. 13. 
[0121] In FIG. 12, the spark plug (referred to as struc- 
ture in the present invention) 700 is attached to a screw 
hole 1b of an engine head 1 of a gasoline engine by 
means of a fixing screw (screw portion of the structure) 
701 a formed on the outer peripheral surface of the hous- 
ing 701 . Furthermore, in FIG. 13, the bolt (referred to as 
the structure in the present invention) that is a member 
exposed into a combustion chamber 1a in an engine 
head 1 is attached to a screw hole 1 b of the engine head 
1 by means of a fixing screw (screw portion of the struc- 
ture) 801 a formed on the outer peripheral surface of the 
engine head 1 . 

[0122] In FIG. 12 and FIG. 13, the combustion pres- 
sure sensor (pressure sensor) 31 is attached to the fix- 
ing screws 701a and 801a of the respective structures 
700 and 800, the force arising from the combustion pres- 
sure acting on the structures is converted to the electric 



signal based on the piezoelectric characteristic of the 
piezoelectric element 321 , and the combustion pressure 
of the engine is detected. 

[0123] In the examples shown in FIG. 12 and FIG. 13, 

s the outside diameter of the hexagonal portions (referred 
to as nut portion in the present invention) 701 b and 801 b 
side of the respective structures 700 and 800 is made 
smaller than the inside diameter of the through hole 31a 
of the combustion pressure sensor 31 . Thereby, the re- 

10 spective structures 700 and 800 are can be inserted into 
the through hole 31 a of the combustion pressure sensor 
31 from the hexagonal portion side end. As the result, 
the examples exhibit the same effect as obtained in the 
above-mentioned first embodiment. As a matter of 

is course, the above-mentioned second and third embod- 
iments and other embodiments can be applied to these 
examples. The present invention is also applied to an 
injector that is to be attached to an engine, though it is 
not shown in the drawing. 

20 [01 24] The shape of the nut portion of the present in- 
vention is by no means limited to the above-mentioned 
hexagonal portions 201 b, 221 , 701 b, and 801 b that are 
all hexagonal, but any shape such as triangle, rectangle, 
square, or octagon may be employed as long as the 

25 shape is sufficiently effective to give the rotational force 
round the axis so that the structure is screw-connected 
to the screw hole 1b. 

[01 25] While the above-described embodiments refer 
to examples of usage of the present invention, it is un- 

30 derstood that the present invention may be applied to 
other usage, modifications and variations of the same, 
and is not limited to the disclosure provided herein. 
[0126] The present invention provides a glow plug 
with combustion pressure sensor (100) having a plug 

35 body (220) having a screw portion (201a) on the outer 
peripheral surface that is inserted into a screw hole (1 b) 
of an engine head (1 ) and screw-connected to it, a com- 
bustion pressure sensor (31 ) fixed to the plug body (220) 
to which the plug body (220) is inserted, and a lead wire 

40 (500) for leading out the sensor signal connected to the 
sensor (31), wherein the outside diameter of a hexago- 
nal portion (221 ) used for screw connection between the 
plug body (220) and the screw hole (1b) out of the plug 
body (220) is smaller than the inside diameter of a 

45 through hole (31a) of the combustion pressure sensor 
(31 ) so that the plug body (220) can be inserted into the 
combustion pressure sensor (31) from the hexagonal 
portion (221) end. 

50 

Claims 

1. A combustion pressure sensor characterized in 
that: 

55 

a structure (220, 700, 800) having a first end 
and a second end, said first end inserted into a 
screw hole (1b) formed in an engine, said sec- 
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ond end having a screw portion (201a, 701a, 
801a) that screw connects said structure to an 
inside peripheral surface of said screw hole, 
said structure having a nut portion (221 , 701 b, 
801 b) for providing rotational force round an ax- 5 
is of said structure to screw connect the second 
end of said structure to said inside peripheral 
surface of said screw hole; 
a combustion pressure sensor (31 to 37) having 
a through hole (31a to 37a) through which the 10 
structure is inserted for detecting combustion 
pressure of the engine; and 
a lead wire (305, 500) that carries an outputted 
signal from the combustion pressure sensor to 
an external receiving area; 15 
wherein the combustion pressure sensor is at- 
tached to the structure by inserting the struc- 
ture into a through hole on the combustion pres- 
sure sensor to attach the combustion pressure 
sensor to the structure; and 20 

wherein the second end of the combustion pressure 
sensor has a nut portion formed thereon, an outer 
diameter including the nut portion of the second end 
is smaller than an inside diameter of the through 25 
hole of the combustion pressure sensor, the struc- 
ture being inserted into the through hole of the com- 
bustion pressure sensor from the second end of the 
structure. 

30 

The combustion pressure sensor according to claim 
1, characterized in that a second screw portion 
(31 1 ) is formed on the inside surface of the through 
hole (31a, 33a, 34a) of the combustion pressure 
sensor (31 , 33, 34), the structure (220, 700, 800) is 35 
inserted into the through hole, the screw portion 
(201a, 701a, 801a) of the structure is screw-con- 
nected to the screw portion of the through hole to 
thereby fix the combustion pressure sensor to the 
structure. 40 

A combustion pressure sensor characterized in 
that: 

a structure (200, 220, 700, 800) with a screw *s 
portion (201a, 701a, 801a) on an outer periph- 
eral surface having one end inserted into a 
screw hole (1 b) formed on an engine to screw- 
connect the structure to the screw hole by turn- 
ing the structure round an axis of the structure; so 
a combustion pressure sensor (33 to 35, 37) at- 
tached at a middle portion along the axis of the 
structure, said combustion pressure sensor for 
detecting a combustion pressure of the engine; 
and 55 
a lead wire (305, 500) that transports a signal 
from the combustion pressure sensor to an ex- 
ternal area; and 



wherein the combustion pressure sensor has a 
lead wire detachably connected to the combus- 
tion pressure sensor. 

4. The combustion pressure sensor according to claim 
3, characterized in that the lead wire (305, 500) is 
detachably connected to the combustion pressure 
sensor (33 to 35, 37) by a screw-connection. 

5. The combustion pressure sensor according to claim 
3 or claim 4, characterized in that; 

a through hole (31a, 33a, 34a) having a screw 
portion (311) on an inside surface is formed on 
the combustion pressure sensor (31, 33, 34); 
and 

the structure (200, 220, 700, 800) is inserted 
into the through hole, the screw portion (201 a, 
701a, 801 a) of the structure is screw-connect- 
ed to the screw portion of the through hole to 
thereby fix the combustion pressure sensor to 
the structure. 

6. A combustion pressure sensor characterized in 
that: 

a structure (200, 220, 700, 800) with a screw 
portion (201a, 701a, 801a) on an outer periph- 
eral surface of the structure, said structure hav- 
ing a first end inserted into a screw hole (1b) 
formed on an engine., said structure screw-con- 
nected to the screw hole by rotation of said 
structure round an axis of the structure; 
a combustion pressure sensor (36, 37) at- 
tached on a middle portion along the axis of the 
structure, said combustion pressure sensor for 
detecting the combustion pressure of the en- 
gine; and 

a lead wire (305, 500) that outputs a signal from 
the combustion pressure sensor to an external 
area; and 

wherein the combustion pressure sensor has a 
cutout portion (36a, 37a) formed from an outer 
periphery to an inside area of the combustion 
pressure sensor, and the cutout portion is fitted 
to the structure. 

7. The combustion pressure sensor according to any 
one of claim 1 , 3, 4, or 6, characterized in that the 
combustion pressure sensor (32, 35 to 37) is fixed 
to the structure by axial force of a separate nut 
(600), said nut being screw-connected to the screw 
portion (201a, 701a, 801a) of the structure (200, 
220, 700, 800). 

8. The combustion pressure sensor according to claim 
7, characterized in that the lead wire (305, 500) is 
connected to the combustion pressure sensor (32, 
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35 to 37) is drawn out from a direction different from 
an action direction of axial force of the nut (600). 

9. A method for assembling a combustion pressure 
sensor to an engine, said method characterized in 5 
that: 



inserting a structure having a first end and a 
second end into a screw hole formed in an en- 
gine; 10 
screwing said structure to threadenly engage 
said structure with said screw hole by applying 
rotational torque on a nut portion located at the 
second end of said structure; and 
positioning a combustion pressure around said 15 
structure from said second end, said sensor 
having a through hole through which the struc- 
ture is inserted; 

wherein an outer diameter including the nut 
portion of the second end is smaller *nan an in- 20 
side diameter of the through hole c '.he com- 
bustion pressure sensor to allow s<^ structure 
to be inserted into the through hoie ui the com- 
bustion pressure sensor from the second end 
of the structure. 25 



10. The method according to claim g, chare-prized in 
that said positioning step comprises threadenly en- 
gaging an inside diameter of said through hole of 
said combustion sensor to said structure. 
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